Introduction
Non-Hodgkin lymphoma (NHL) includes several lymphoproliferative malignant diseases with different clinical and histological appearances. It can be present in various ways that are difficult to diagnose. NHL frequency has increased during the last 30 years. 1 It is the fifth most common malignancy in the world and accounts for 5% of deaths related to cancer. 2 In the majority of NHL cases, the cause has not been identified, although several factors have been involved in their pathogenesis, such as chronic antigenic stimulation, virus, immunosuppression, genetic, endogenous, and occupational factors, including pesticides. 3 A strong association between pesticides and
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Zahzeh et al NHL has been previously reported. 4 Recently, a French study has shown a relationship between occupational exposure to pesticides and the acquisition of a chromosomal abnormality known to cause the disease development. 5 Nicotinamide adenine dinucleotide phosphate hydrogen (NADPH) is the reduced form of nicotinamide adenine dinucleotide phosphate (NADP), a coenzyme composed of ribosylnicotinamide 5′-phosphate (NMN) coupled by pyrophosphate linkage to the 5′-phosphate adenosine 2′,5′-bisphosphate. NADPH should be considered to be of major importance in the mitochondrial compartment. It fulfills this task both by scavenging toxic free radicals and repairing biomolecule-derived radicals, while serving as an electron carrier in numerous reactions. 6 NADPH is mainly produced by four enzymes in mammalian cells: 6-phosphogluconate dehydrogenase, phosphogluconate dehydrogenase, malic enzyme, and cytoplasmic isocitrate dehydrogenase. Detoxification of reactive oxygen species (ROS) involves glutathione, which must be constantly regenerated by glutathione reductase. Thanks to this reaction, NADPH has been suggested to act as an indirectly operating antioxidant, and thus maintain the antioxidative power of gluthatione. 6 NADPH is known to play a vital role in energy metabolism and antioxidation. The antioxidant system depends on the production of NADPH for proper function.
The T helper 1 (Th1)/Th2 balance is defined by the homeostatic control of the immune system through the secretion of various cytokines. Tumor immunity is usually mediated by cytotoxic T lymphocytes, whose activation and stimulation are supported by Th1-type cytokines, as most clinical studies support the finding of an abnormal Th1/Th2 ratio in patients with cancer. 7 Alterations of Th1 or Th2 cytokine profiles are usually characterized by a decreased Th1/Th2 ratio and are described in virtually all tested patients with cancer, including those with NHL. 8 Alterations of the Th1/Th2 ratio in patients with cancer is a common feature of a malignant process and could result from a malfunction in Th1 cells, activation of Th2 lymphocytes, or both phenomena.
Because NADPH has a role in a wide range of processes with potent antioxidant effects and because oxidative stress condition is high in malignant cells, we tried to demonstrate the relationship that may exist between NADPH and Th1/Th2 ratio in patients with NHL exposed to pesticides.
Materials and methods

Patients and subjects
One hundred newly diagnosed patients with aggressive NHL (53 men, 47 women) and 40 healthy age-, sex-, and body mass index-matched controls (23 men, 17 women), exposed or not to pesticides, were recruited for a cross-sectional study conducted at the Clinical Hematology Departments of Tlemcen and Sidi Bel-Abbès University Medical Centeres in the northwest of Algeria. The recruitment was made on the basis of a questionnaire. Participants exposed to pesticides (patients [n=32], age, 58.48±3.27 years; controls [n=20], age, 56.12±2.93 years) were selected from among farm workers to obtain a homogeneous population. Patients (n=68; age, 55.25±2.82 years) and controls (n=20; age, 56.6±3.1 years) not exposed to pesticides had no history of occupational or environmental exposure to pesticides. To minimize bias, the clinical and demographic characteristics, pesticide exposure, duration of exposure to pesticides, and access to care were the same in all groups studied. Patients and controls were randomly selected on the basis of eligibility criteria from a group of 264 subjects (172 patients and 92 controls). Of 124 participants who were excluded, 72 patients (19 exposed to pesticides and 53 not exposed to pesticides) were eliminated because they did not meet the eligibility criteria. Of 45 participants in the exposed control group, 21 were excluded because of ineligibility and four were eliminated because they refused to participate. Of 47 unexposed controls, 20 subjects were randomly selected among those who fulfilled the eligibility criteria and agreed to participate in this study. Clinical presentation and characteristics of patients were recorded at recruitment. Histological examination and immunohistochemical analysis were complemented by a full and thorough mandatory clinical examination coupled with both expansion and biological assessments. The main criterion for inclusion was patients with aggressive NHL exposed or not to pesticides. The mainly exclusion criteria were NHL associated with another type of cancer, family history of cancer, indolent lymphoma, a positive serology for HIV, hepatitis C virus, and autoimmunity. All patients provided signed informed consent. This work was approved by our local institutional ethics committee (CSF-SBA).
samples
Blood samples were taken from the antecubital vein and collected in ethylenediaminetetraacetic acid or heparin or in dry tubes. NADPH was determined on serum. Assays relating to oxidative stress were made on plasma for total antioxidant capacity (ORAC, oxygen radical absorbance capacity), lipid peroxidation (malondialdehyde), antioxidant enzymes (superoxide dismutase, glutathione peroxidase, and catalase; ethylenediaminetetraacetic acid), oxidative enzymes (xanthine oxidase), and oxidative protein (carbonyl protein; heparin). The cytokine levels were assayed on serum.
The neutrophil-to-lymphocyte ratio (NLR) was determined from the whole blood. Lactate dehydrogenase (LDH) and alkaline phosphatase (ALP) were collected from the medical record for each individual.
laboratory assays naDPh assay
Serum NADPH levels were measured spectrophotometrically at 450 nm by enzyme-linked immunoassay (ELISA), using a commercial kit (NADP/NADPH Quantification Kit, Sigma-Aldrich, St Louis, MO, USA). NADP was decomposed to detect NADPH according to the manufacturer's instructions. Samples were deproteinized before use in an assay, using a 10 kDa spin filter. All measurements were performed in duplicate. Results were compared with the standard curve. nlr NLR was calculated using absolute neutrophil and lymphocyte counts recorded from total blood white cell count results within 24 hours after arrival to the hospital.
interleukin 4 and interferon-gamma assays and Th1/Th2 ratio
The serum interleukin 4 (IL-4) and interferon gamma (IFN-gamma) levels were measured by human Quantikine sandwich ELISA kits according to the instructions of the manufacturer (R&D Systems GmbH, WiesbadenNordenstadt, Germany). Limits of detection were 8 pg/mL for IFN-gamma and 10 pg/mL for IL-4. The Th1/Th2 ratio was estimated from the IFN-gamma/IL-4 ratio.
albumin assay
Serum albumin levels were carried out using a Sebia Hydragel Protein(e) K20 electrophoresis assay (Sebia, Evry, France).
glutathione peroxidase assay
Glutathione peroxidase (GSH-Px) activity was measured according to the method of Paglia and Valentine, which relies on the spectrophotometric measurement at 340 nm from the oxidation of glutathione by cumenehydroperoxide. 9 superoxide dismutase assay
The assay of superoxide dismutase (SOD) was performed by a commercial kit (Randox Laboratories Ltd, Crumlin, United Kingdom). When SOD is found in the sample, it inhibits the production of formazan dye by the conversion of a superoxide radical to oxygen. This color is the result of the interaction between the salts of p-iodonitrotetrazolium [2-(4-iodophenyl)-3(4-notrophenol)-5-phenyltetrazolium chloride] and xanthine, as well as xanthine oxidase, to generate superoxide radicals. The SOD activity was then determined by spectrophotometry at 505 nm.
catalase assay
Catalase activity (CAT) was measured spectrophotometrically at 240 nm by monitoring the disappearance of H 2 O 2 , as described. 10 
Total antioxidant capacity assay
Total antioxidant capacity (ORAC) was measured in plasma according to the KRL (Spiral/KIRIAL, Dijon, France) biological test, based on the hemolysis resulting from the attack of radicals.
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Malondialdehyde assay
Analysis of lipid peroxidation was based on the determination of levels of malondialdehyde (MDA), using the thiobarbituric test. MDA react with thiobarbituric under high temperature and acidic conditions to give pink chromophores (MDA-TBA adduct) measured colorimetrically at 535 nm. 12 
Protein carbonyl assay
An ELISA was used to measure the concentrations of protein carbonyl on the basis of the detection of 2,4-dinitrophenylhydrazine by the specific antibody (Biocell carbonyl protein ELISA kit, ALX-850-312-KI01; AXXORA Deutschland GmbH, Lörrach, Germany).
Xanthine oxidase assay
The enzymatic oxidation was represented by the measurement of xanthine oxidase (XO). It was determined by the level of uric acid formation from xanthine at 293 nm, according to the method of Hashimoto, which is based on adding potassium 2,4-dihydroxy-6-carboxy-1,3,5-triazine (oxonate potassium) in the reaction system of the crude XO to obtain the same uric acid to be measured. 13 
statistical analyses
Statistical analyses were performed by two-tailed Student's t-test or one-way analysis of variance (ANOVA) when appropriate. A nonparametric chi-square test was used to compare the sex frequencies. Bivariate correlation analysis was carried out using Pearson's or Spearman's correlation coefficients, appropriately. The association analysis was evaluated by odds ratio (OR) and corresponding 95% confidence interval (95% CI), using the 90th percentile in the unexposed to pesticides control group as cut-off levels. A pooled estimate of the common OR and its confidence interval was 
Results
The clinical and demographic characteristics of patients and controls are shown in Table 1 .
As indicated, age, sex, and body mass index were not different between the two patient groups and between patients and controls (for all comparisons, P.0.05). LDH and ALP levels were significantly increased in exposed and unexposed patients compared with controls (for the two comparisons, P,0.05); they were similar in both patient groups (respectively, P=0.944 and P=0.841). In addition, NLR levels were significantly increased in patients compared with controls and in exposed patients compared with in those not exposed and in controls (one-way ANOVA, P,0.01).
The serum levels of NADPH and IFN-γ, IL-4, and Th1/ Th2 ratio are shown in Figures 1 and 2 , respectively. Serum NADPH levels were significantly increased in patients compared with controls and in exposed patients compared with in those not exposed and in controls (one-way ANOVA; P=0.000). IFN-γ and the Th1/Th2 ratio were significantly decreased in patients when compared with controls; IL-4 was significantly increased (for all comparisons, oneway ANOVA; P=0.000).
As indicated in Table 2 , albumin, GSH-Px, SOD, CAT, and ORAC levels were significantly decreased in patients compared with controls. ORAC levels were significantly decreased in exposed compared with in unexposed patients (P=0.039). However, MDA levels were signif icantly increased in exposed patients when compared with controls and unexposed patients (one-way ANOVA; P=0.000). Protein carbonyl and XO levels were significantly increased in exposed patients compared with controls (comparison not Abbreviations: naDPh, nicotinamide adenine dinucleotide phosphate hydrogen; ec, exposed controls; nec, unexposed controls; eP, exposed patients; neP, un exposed patients. 
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Figure 2 circulating levels of iFn-g and il-4, and Th1/Th2 ratio. Abbreviations: iFn-g, interferon-gamma; il, interleukin; ec exposed controls; nec, unexposed controls; eP, exposed patients; neP, unexposed patients; Th, T helper.
shown); there were no significant differences between the two patient groups or between unexposed patients and controls (for all comparisons, P.0.05).
We report in Figure 3 that NADPH was strongly associated with NHL, either in patients exposed or unexposed to pesticides ( 
000]).
As shown in Figure 4 , NADPH levels were significantly negatively related to the Th1/Th2 ratio, either in patients who have been exposed or not to pesticides (respectively, r=−0.498, P=0.004; and r=−0.327; P=0.006).
Discussion
One of the main biomarker indicators of the cancer process is the increased levels of ALP (EC 3.1.3.1), an enzyme that can be found at particularly high levels in the blood when bone-forming cells are very active. Its elevation is also observed in solid cancer metastasis, as with colorectal cancer.
14 Our results are in agreement with those reporting an increase in ALP levels in patients with NHL or malignant cancer. 15, 16 ALP can also serve as a useful prognostic marker for malignant tumors, 17 perhaps, given its role in removing phosphate groups from many kinds of molecules, including nucleotides.
The NLR has been recently reported to be a new potential predictor of systemic inflammation that is associated with outcome in different cancer types. Its elevation has also been demonstrated to be a poor prognostic factor in multiple types of malignancies, especially solid tumors. 18 This ratio is used in cancer patients to compare the inflammatory response by counting neutrophils and evaluation of host immunity by counting lymphocytes. The increased level of NLR observed in the current study is consistent with other results. 19 Nevertheless, to our best knowledge, we show for the first time the highest increase in NLR levels in patients with NHL exposed to pesticides.
The link between cancer and altered metabolism has previously been suggested as a common feature of cancerous tissues, such as the Warburg effect. 20 A key molecule produced as a result of altered cancer metabolism is NADPH. This mole cule is used in protective mechanisms against oxidative stress and ROS that are produced during rapid cell proliferation. However, to our best knowledge, there have been no studies that correlate NADPH to NHL. For our part, we have revealed a strong association between NADPH and NHL, either in patients exposed or not to pesticides; nevertheless, the association in patients exposed to pesticides was more significant compared with in those not exposed to pesticides.
To maintain a continuous and rapid cell division, cancer cells use a very large amount of energy, required for the Figure 3 association analysis of naDPh with non-hodgkin lymphoma among patients exposed or not to pesticides. Abbreviations: eP, exposed patients; neP, unexposed patients; Mh, Mantelhaenszel common odds ratio estimate; naDPh, nicotinamide adenine dinucleotide phosphate hydrogen. : exposed controls versus not exposed controls or exposed patients versus not exposed patients, one-way anOVa; P b : comparison between the four groups. Abbreviations: anOVa, analysis of variance; caT, catalase; gsh-Px, glutathione peroxidase; MDa, malondialdehyde; nhl, non-hodgkin lymphoma; Orac, oxygen radical absorbance capacity/total antioxidant capacity; Pc, protein carbonyl; sOD, superoxide dismutase; XO, xanthine oxidase.
biosynthesis of macromolecules (nucleotides, proteins, and lipids). The energy used for cell division, but also for the metastatic process and tightened maintenance of appropriate cellular redox, is provided mainly by glycolysis, which results in the formation of nucleotides, lactate, and ATP. 21 The persistence of cell division is provided by a variety of molecular mechanisms, including the Warburg effect. Otto Warburg reported that cancer cells depend on glycolysis to predominantly produce energy, even with the presence of oxygen at normal concentrations, leading to the production of high levels of lactate. 20 Unlike normal cells that produce energy from mitochondrial oxidative phosphorylation, without production of lactate, the Warburg effect leads to the production of huge amounts of lactate, which contributes to the phenomenon of microenvironmental acidosis. 21 This effect is regulated by the PI3K, hypoxia-inducible factor, p53, avian myelocytomatosis virus oncogene cellular homolog (protooncogene homologous to myelocytomatosis virus, MYC) and 5' adenosine monophosphate-activated protein kinase (AMPK) B1 pathways. To the fact that the production of ATP through glycolysis is faster than by oxidative phosphorylation, cancer cells adopt mechanisms for absorbing abnormally high quantities of glucose to respond to increased requirements of energy, biosynthesis, and redox. 22 The lactate produced in cancer cells by the Warburg effect, as a result of enhanced aerobic glycolysis, is provided from the conversion of pyruvate with LDH. 23 It is extruded through the extracellular space, via the monocarboxylate transporter 1 in endothelial cells, 24 to the aerobic populations of cancer cells, where it may be used to power the Krebs cycle to produce energy. 25 Lactate activates proinflammatory pathways 26 and Figure 4 relationship between naDPh and Th1/Th2 ratio in patients with nhl. Abbreviations: eP, exposed patients; neP, unexposed patients; Th, T helper; naDPh, nicotinamide adenine dinucleotide phosphate hydrogen; nhl, non-hodgkin lymphoma.
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enhances angiogenesis, which is essential for cancer growth and metastasis. 24 Higher circulating LDH in cancer patients may be a result of increased damaged cells in response to many conditions, such as tissue injury, necrosis, hypoxia, and hemolysis. 27 Our study is consistent with recent results. 28, 29 During the rapid proliferation, cancer cells displayed increased ROS. 30 Cells can use their reactivity beneficially in many processes. Thus, a useful level of ROS is maintained within the cell by means of a balance between the production of a free radicals system (XO), antioxidant systems (SOD, GSH-Px, CAT, protein carbonyl, albumin), and ORAC. CAT reduces peroxides, GSH-Px protects cells against free radicals, and SOD catalyzes the conversion of two superoxide anions into a molecule of hydrogen peroxide (H 2 O 2 ) and oxygen. 31 In our study, we observed an imbalance between the oxidants and antioxidants shifted toward the oxidant side in patients with NHL. Recent studies have shown increased oxidative stress in hematologic malignancies; 32, 33 nevertheless, little is known about oxidative stress biomarkers in NHL. During oxidative stress, ROS can induce increased production of byproduct mutagenic reagents, such as MDA. Our results are thus consistent with previously reported observations. 34 In addition, it was shown that the overall antioxidant capacity, as measured by ORAC, decreases in patients with hematologic malignancies, especially in patients with NHL, 35 which corroborates our results. Moreover, the increased levels of MDA and the decreased levels of ORAC were significantly pronounced in patients exposed to pesticides compared with those not exposed. Therefore, it has been reported that oxidative stress can be induced by pesticides, either by overproduction of free radicals or by alteration in antioxidant defense mechanisms. 36 Interestingly, high levels of ROS can cause damage to macromolecules, which can induce apoptosis and senescence. 22 For this reason, cancer cells adapt to metabolic changes that may affect the redox balance. Thus, unlike normal cells, cancer cells produce large quantities of NADH, H+, which is consumed in an LDH step of glycolysis reaction in favor of the Warburg effect, with the aim of energy gain through oxidation to form three ATP molecules per each NADH, H+. 21 In addition, these cells are able to extend beyond the Warburg effect as a result of an altered metabolism to meet its needs for macromolecule building blocks and maintenance of redox balance. Therefore, the NADPH can be generated by the cancer cells to act as a powerful antioxidant against ROS. 37 This coenzyme is produced in two separate steps in the hexose monophosphate (HMP) shunt pathway. 38 These data are consistent with our findings regarding the increased levels of NADPH in patients compared with controls. In our study, we also observed that the levels of oxidative stress biomarkers and NADPH are much more increased in patients exposed to pesticides compared with in those not exposed to pesticides and in control subjects. We therefore suggest that the increase in ROS levels generated by rapid cell proliferation and environmental toxicity would be continuously monitored by the production of NADPH.
Our results regarding the decrease in IFN-γ levels and the increase of those of IL-4 shifted toward a decrease in the Th1/Th2 ratio. It has been reported that IFN-γ is important for control of tumor growth and invasion and has been implicated in several cancers. 39 In addition, it has previously been shown that the increase in levels of IL-4 is involved in tumor development. 40 IL-4 can block the activation of natural killer cells and reduces the antigen formation of tumor cells to escape cytoimmunity against tumor growth. 41 Moreover, imbalance in the ratio of Th1/ Th2 could play an important role in the etiology of NHL and its major subtypes. 42 Although correlation does not imply causation, the negative relationship highlighted in the current study between NADPH and Th1/Th2 ratio would be in favor of an increased immunosuppressive effect of IL-4 on Th1 cells. A cause-and-effect relationship involving IL-4 and a pentose phosphate pathway required to generate NADPH has already been demonstrated in the mechanisms of macrophage polarization. 43 In addition, it has previously been shown that IL-4 mediates B-cell survival by increasing glucose transport and glycolysis in B cells through Stat6-dependent upregulation of Bcl-xL. 44 It was proven later that poly(ADP-ribose)polymerase 14, a member of the B aggressive lymphoma family of macrodomain-containing poly(ADP-ribose)polymerases, is needed to achieve full prosurvival signaling by IL-4 in B cells. 45 In addition, IL-4 may be important in promoting glucose uptake and metabolism, which can be metabolized by the pentose phosphate pathway and required to promote T-cell proliferation and survival. 46 Finally, the negative relationship between NADPH and Th1/Th2 ratio would also be in favor of lower antitumor effects of IFN-γ. 47 Therefore, it has been recently reported that NK cell IFN-gamma production could be directly related to mammalian target of rapamycin complex 1 and glycolysis. 48 Moreover, it has been shown that lactic acid dramatically impairs IFN-γ production in human cytotoxic T lymphocytes and number of IFN-γ-positive cells measured by flow cytometry. 49 
Conclusion
In conclusion, our results demonstrate for the first time that pesticide exposure was strongly associated with NADPH alteration in NHL. The examination of the relationship between NADPH and the Th1/Th2 ratio should focus on new therapeutic strategies to prevent the appearance of the disease. In addition, treatment strategies should also take into account exposure to pesticides as an important risk factor for disease development and adapt care and monitoring of patients.
